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Method for the determination of the prethrombosis si Ate 

The present invention relates to a method for determining the prethrombotic state of axi 
individual. More specifically the present invention relates to a method for the dctermi nation 
of the circulating microparticies and/or stimulated procoagulant cells, to a method for the 
determination of a special category of circulating irjcropar deles and/or stimulated pro- 
coagulant cells as well as to a method for the drtaraniii&ttori of phospholipid-binding anti- 
bodies which are related to diseases which are related to an increased thrombotic risk:. 

Thrombosis occurs as an acute event which cannot he ea&ily'and rapidly predicted. Various 
permissive conditions for the development of thrombotic complication* have been 
described, inflammation being the most common. Alterations of blood and/or vascular cell 
functions are probably at the origin of prethrombosis states and could therefore be indicative 
of the associated thrombotic risk provided they could be unambiguously assessed. 

Anionic phospholipids, chiefly phosphatidyl serine, sins essential for normal hemostaais, but 
they are almost entirely sequestered in the inner ledkt of the plasma membrane of renting 
blood and vascular cells (Devaux P.P., Static and dynamic lipid asymmetry in cell 
membranes, Biochemistry 30 (1991), 1163 - 1173; Zwaal RJP.A- et aL, Mechanism and 
function of changes in mcmbranc-phospholipid asymmetry in platelets and erythrocytes. 
Biochem, Soc. Trans. 21 (1993), 248 - 253). Thair WiUdytio potential is due to ability to 
'assemble the characteristic enzyme complexes of thfi blood coagulation cascade (Fig. 1) at 
the site of a wound. As yet almost all of available kketic data of coagulation reactions have 
been gained at saturating phospholipid concentration (Mann K.G, et al., Surface-dependent 
hemostasia. Semin. HematoL 29 (1992), 213 * 226), This docs probably not reflect physio- 
logical conditions and it is reasonable to expect that the degree of exposure of anionic 
phospholipids should be a rate-limiting factor. Aqiiirncrric distribution of the different 
phospholipid species within the plasma membrane could involve an AIT -dependent amino- 
phospholipid transporter termed "inward" aminophorphofipid translocate (Devaux P.F., 
Static and dynamic lipid asymmetry in cell membranes. Biochemistry, 30 (1991), 1 161 - 
1173 ). Following appropriate stimulation, exposure of anionic phospholipids towards the 
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tnromDIU 6 -i;.- „ Mr *** responsible for membrane rc- 

exposure in plants. U occurs as a "^J^72L*- -* » C 

,r ,„Mi„ SR. etal Characterization of a ftmltonal thrombus receptor- J. O. ImeJ. ru. 
^ 3M and could *en be involve, i- -* P—~ P« 

Sli-a-***-(?— "A etal.Mechauismand^ofc^u, 
J^phosphoHpid asymmetry in plat*., »nd qd^ Btochc™. See. T at. M 
—48 - 253: UanBltonK. c. Contact proton* C5b-9 turince wacuUno, of 
LJioth^pl^memb™e 1 nd K po»ca.«!ytics U A«for K s OT Wyoftho 

pro^leco^cx.-!. Bio.. Om. JjftO 990), W» - 38.4). 

rlutc simJ behaviour of tnonocyte* (RoM-nRA « » ■ Bndoloxu, «d»c« 

It^ion of monocyte P— inasc actMty. B.OO0, « - 4WC 

al, Monocyte vesicolanon, J. M IS (I** 3245-32 : A — o. for 
L-JTrf-*-*—** pn*»H- acdv.de> folio™* •«*»» by 
UpTpZc-idc (.994). More dmatic conditions such as apoptosis and/or «■*-«-* 
taLLne fragmentation response for coating pertle.es havbtg phosphobptd- 
dependent procoagulant activity. 

PhoaphatidyUerme is thought to bo a MM '-""-T.™'*''^ 
. etatotion of circulating membrane dvbm (Allen T. at 1, phosphaudy.-senna . 4 
VZm* of rcdculoendothCal tuition **— models of.be erythrocyte sot- 
toToo NaU Acad. Sd USA Si (.988), 8067 - 8071). However, it Is concetvabk that «1 
case of continuous cell membrane tanngc the ■oUcolocdofteBa) system co„.d be over- 

reaction.. Under such circumstances .he tetase of sequestered phospho. ptds ^ I, ha at 
ftc orign, of the .mi.phoapho.ipid syndic associated with thrombo... (McMct. e £ 
luunuTusgy rid choice, importance of nnopho.pho.ipld -W to Adv. U. 49 
(1991), 193 - 280). In addition, some uunorigenic cells express higher amount of 
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phosphatidyl serine in their outer membrane UaOtt than their differentiated ixiiHiinorigcrie 
counterpart (Connor J. et aL, Differentiation-depcnde nt egression of phosphadilyl scrme m 
mammalian plasma membranes: Quantitative assessment of outer leaflet lipid by pro- 
thrombin** complex formation. Proc Natl. Acad. Sd. US A 86 (1989), 3 1 84 - 3 1 88). 
Several studies on (circulating) microparticles or piocoagulant cells have already been 
published (Abrams C. & Shattfl S. J, Immunologic d detection of activated platelets, in 
clinical disorders. Thromb. Haemostats. 65 (1991). 67 - 473; Nomura S. et aL, Antiplatelet 
autoantibody-rclated microparticles in patients wi-.K idiopathic (autoimmune) thrombo- 
cytopenic purpura. Ann. Hematol, 62 (1991), 103 - 1 07; Nomura S. et al., Microparticlc 
generation during in vitro platelet activation by arti-CM murine monoclonal antibodies.. 
Thrombos. Res. & (1991), 429 - 439; Tans G. et al., Comparison of anticoagulant and 
procoagulant activities of stimulated plateleU tod ytatr-Jet-dcrived microparticles. Hlood 77 
(1991), 2641 - 2648; Gilbert G. E. et al., Platelet derived microparticles express high 
affinity' receptors for factor VIE. J. Biol. Chcra. 7f* (1^1). 17261 - 1726S; Bode A. P. ct 
al. Vesiculation of platelets during in vitro agitnj. lUoed XL (1991), ™ - «95; Owens M. P. 
et al., Platelet microvesicles adhere to subendotheuum and promote adhesion of platelets. 
Thrombos. Res. 66 (1992), 247 - 258; Hoffinann M. et al., Coagulation factor lXa binding 
to activated platelets and platelet-derived microparticles: a flow cytometric study. Thromb. 
Hacmostas. 68 (1992), 74 - 78; Jy W. et al., GUokd significance of platelet microparticles 
in autoimmune thrombocytopenias. J. Lab. Clin. Med. j 19 (1992) 334 - 345; Borcnstaui- 
Ben Yashar V. ct al., Phosphatidyl serine in the outer leaflet of red blood cells from B- 
thalasscmia patients may explain the chronic hjpexoagulable state and thrombotic episode ?. 
Am. J. Hematol. 44 (1993), 63 - 65; Wiedmec T, et it!., Complement-induced vesiculation 
and exposure of membrane prothrombinase sites in platelets of paroxysmal nocturnal 
hemoglobinuria, Blood 82 (1993) 1 192 - 1 1S6; J.se Y. et aL, Elevated microparticles in 
transient ischemic attacks, lacunar infarcts, and multiinfaxct dementias. Thrombosis Res. 72 
(1993) 29S - 304; Galli M. et al , Effect of amipnosphoUpid antibodies on procoagulant 
activity of activated platelets and platelet-derived microparticles. Br. Jf. Haematol. 83 
(1993), 466 - 472; RajesekharD. et al., Proc oai-ulani. activity of platelet-derived micro- 
particles in whole blood: Differences between adults and neonates. Blood 82 (1983), 163a, 
Jy W. et al., Platelet microparticles adhere to pc4yn^rphonuclear leukocytes: Possible, mod-:, 
of clearance. Blood §3. (1993), 281a; Jy W. et si., Ptoccagulant activity of platelet micro- 
particles (PAPM) correlates with thrombotic risks. Blood 82 (1993), 281a) and their clink;,! 
significance has been discussed (Zucker-Fraofclm P., Clinical significance of platelet 
microparticles. J. Lab. Clin. Med. U9 (1992), 321 - 322). In one of the above studies (LE- 
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Yetal Elevated microparticles in transient ischemic attacks, lacunar infarcts and muhi- 
' . „ L . ■„ u« 77 n093^ 295 • 304), the pharmacological control of 
infarct dementias. Thrombosis Res. 72 (WJJ) 2 » jw;, w , 
the extent of platelet vesiculation appeared fbubfcx At the opposite of mcmbran* 
£Z£ and phoapnatidy! serine expose t^encica, Scott syndrome a r a™bi^ 
disorder, is charactered by a reduced My of « erythrocytes andlyn, ^ to 
Zse an appropriate membrane-associated ^coagulant activity (Beyers E. M et al 

myocytes from a patient with a bleeding disorder; A smdy of me red blood ceUs 
Scott syndrome. Blood 79 (1992), 380 - 3**). 

The generation of thrombin is the c« ««nt of the coagulation c^e mainly due 
t0 a nigh potential of auto-amplificahon ***** in several feedback loop* (Mann KA,, 
KrishrZamy S. & Lawson J. H. ********** hemosta^. Semm. Hematol V 
0992) 213 - 226), one of them resulting in ,h« exposure of procoagulant phoaphohp.es by 
Ld from platelets (Zwaal R.F. A, Com*,™ R * Bevers EM. Mechanism and funct.nof 
changes in membran^phosphoUpid asymmetry in platelets and erythrocyte* Biochem. Soc. 
Trans 21 (1993) 248 - 253). Excessive thrombin generation can be controlled by two 

, . ... . .. n - ^sibatiott bv anti-thrombins or by anticoagulant 

different mechanisms, either by direct nsut.^uon oy an 

protein C which acquires the capacity of degrade procoagulant cofactors VHU & Va after 
activation by thrombin itself (Fig. 1) (Manii K.G., Krishnaswamy S. &LawsonJ. H^r- 
^epcnLthemoataais.Sen^^^ 

of protein C and thrombomodulin in the ration of blood coagulation. 3. Biol Chua. 264 
(1989) 4743 - 4746) An increase of acti vat emulated cells and circulate procoagulant 
eel! fragments could result in excessive, thrombin generation in the early stage following cell 
damage or activation. Supplementary expire of procoagulant phospholipids could then 
become a consequence of the amplification cf thrombin production. This should help to 
exoiain how sequestered phospholipid, car. acquire antigenic potential following exposure, 
especially when it is pointed out that the ^suiting phospholipid-binding antibodies ™ 
associated with thrombosis (McNeil et al , Immunology and clinical importance of 
phosphoUpid antibodies. Adv. Immunol. 4J (1991), 193 - 280). On* possible expiation 
could be the interference of anti-phosphclipid antibodies in the anticoagulant protem C 
pathway (Freyssinet J,M. et al., An IgM lupus anticoagulant that neutralises me enfcwg 
effice of phospholipids on purified endothelial tl.rombomodulin. Amechamsm for 
thrombosis. Thromb. Haemostats. 55,, (1986). 309 - 313) as confirmed by several groups of 
investigators but other mechanisms sho.ld net b„ ruled out (McNeil et al, Immunology and 
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clinical importance of antiphospholipid antibodies, Adv. Immunol. 49 (1991), 193 - 2»0). 
Once exposed, phosphatidyl serine could bind certain plasma proteins thus forming complex 
antigens. The diversity of such possible complies could explain the diversity of associated 
clinical manifestations with the presence of renting antibodies (Freyssinet J.-M et al ., 
Phospholipid-binding antibodies and thrombosis. Blood Coagulat. Ebrinol., 4 (1993), 
645 - 648). 

Previous methods for assaying coagulation reactions « in the great majority of oases an 
estimation of clotting time such as the prothrombin time. These determinations give no 
information on the procoagulant activity or preuVombotic state of an individual because as 
indicated above the data have been gained at saturating phospholipid concentrations. 

WO 93/24840 describes a method for determining the procoaguiant activity of resting 
platelets based on the availabUity of negatively charged phospholipids in the outer 
membrane of platelets. The amount of proco&gulam phospholipids in whole blood is low, 
because resting platelets have a mechanism to transport phosphatidyl serine from the outer 
10 the inner leaflet of the membrane. A minof amount of the phosphatidyl serine is probably 
still present in the outer leaflet causing a residua! procoaguiant activity of the platelets. This 
residual or resting activity establishes a threshold at above which activated dotting factors 
may result in thrombosis. Thus, the susceptibility of «i individual to experience thrombosis 
may be correlated with the level of procoagulani Activity of his plalelets. 

However, there is no absolute proof that this mnthod by determining the activity of resting 
platelets is directly related to the prethrombotic state of an individual. Therefore, there is 
still a need for a simple and more direct method for die determination of the prethrombotic 
state of an individual. Since not only platelets are activated in the coagulation reaction anr) 
are releasing microparticles or fragments rich irt phospholipids there is also still a need for * 
method for determining the origin of micropartides and stimulated procoaguiant cells or 
fragments thereof in the blood of an individual. 

The object of the present invention was to find 2 simple and rapid method for the determi- 
nation of the prethrombotic state of an individual and for the diagnosis of various vascular 
diseases such as peripheral artherial occlusion, srUrosclerosU, diabetic angiopathy, 
vasculitis, pre-eclampsia, lupus erythematosus or angina pectoris and for the diagnosis ami 



PAGE 27/41 * RCVD AT 2/1012004 1:25:38 PM [Eastem'siandard Time] * SVR:USPTO-EFXRF-1/26 ' DNIS:2731266 ' CSID:650 327 3231 * DURATION (mm-ss):14-20 



FEB- 10-04 TUE 11:42 AH BOZICEVIC 



FAX NO. 650 327 3231 



P. 28 



rClVEW5/<tt*4« 

WO 96/03655 



monitoring the state of an individual after PTC A (percutaneous translumuuu eoronaro- 
angioplasty). 

Some auto-immune disorders and other di«*«. fix example infection, inflammation 
neoplasia myoeardialinfaction strokes or transient hM attacks, venous thrombosis, 
arterial thrombosis, pregnancy screening, connective tissue disease, thrombocyte^, r ; ral 
contraceptive therapy, migraine/ headache or pulmonary hypertension, are correlated « uh 
the occurrence of phospholipid-binding aatfk dU«. Phospholipid-binding anubodies are 
heterogeneous immunoglobulins of the G, U or A class. Some of these auto-antibody 
recognize phospholipids (anionic or/and hex igonai phase)in connection with other protons 
which could be exposed on the outer surface of microparticles and/or procoagnknt cell::. 
Examples for such proteins are B2^GP-I <D?.-glyeoprotem-I), prothrombin, protein C and 
protein S (Triplett, D.A. Antiphospholipid antibodies and thrombosis. A consequent 
coincidence, or cause ? Arch. Pathol. Lab. Med., 1993. 117, 7S-88; Costing et al_, 
AntiphosphoUpid antibodies directed against a combination of phospholipids with 
prothrombin, protein C, protein S: An elation for their pathogenic mechanisms Bkod, 
1993, &L 2618-2625). There is a need for a. simple method for the detection of these 
phospholipid-binding antibodies. 

Apoptosis, or programmed cell death, could result in increased eirculating cell fragments 
containing phosphatidyl-serin (so called apoptotic bodies). The detection of circulating 
apoptotic bodies bearing exposed phosphalidj-Iserine could be helpful for the diagnose of 
high levels of in vivo apoptosis associated *nh major diseases such as AIDS, cancer, 
autoimmune disorders or artherosclerosis. lhe level of circulating apoptotic bodies co dd be 
indicative of the development or evolution of tie disease especially, if the cellular orig.n of 
the microparticles can be determined. 

In accordance with the present invention i'aac is provided a simple and rapid method for 
determining the Prethrombotic State of an individual and for the diagnosis of various 
vascular diseases such as peripheral artherirJ occlusion, arteriosclerosis, diabelic angio- 
pathy vascuUtis, preeclampsia, lupus erythematosus or angina pectoris and for the 
diagnosis and monitoring the State of an individual after PTCA (percutaneous Iransluuunal 
coronaroangioplasty) by determining the circulating microparticles and/or stimulated pro- 
coagulant cells. It was found that the unciM of circulating microparticles and/or stimulated 
procoagulant cells in the blood of an individual correlates with the prethrombotic sail, of 
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this individual as well as with the above mentions! vancular diseases. These analyses could 
also be used for the diagnosis of risk factors and for the monitoring the state of an 
individual after PICA. With this method it is also possible to determine circulating 
apoptotic bodies of various origin which arc associated with diseases leading to cell darna^ 
for example AIDS, cancer, autoimmune disorders or artherosclerosis. Furtheron, by the 
term microparticles it is understood to include tle.se apoptotic bodies of various origin. 

Especially there is provided by the present invention a method for determining the 
circulating microparticles and/or stimulated proowfiulant cells by mixing a sample 
containing said circulating microparticles and/or stimulated procoagulant ceils with a 
specific receptor for a compound exposed on said mioro particles and ptocoagulartf cells 
which receptor is bound directly or indirectly to a solid phase under conditions to form a 
complex of the solid phase bound receptor and the miciopartick or procoagulant ceil, 
separating the solid phase from the liquid phase and determining the amount cfmicro- 
■ particles and/or procoagulant cells on the solid phase or after separation of the solid phase 
by appropriate methods (Fig. 2). 

Besides this heterogeneous method for the de»e/ms nation it is also possible to use homo- 
geneous methods, i. e. methods wherein no sepiurica of the solid phase from a liquid phase 
is necessary. Therefore by the present invention i here is also provided a method for 
detennining the circulating microparticles and/or stimulated procoagulant cells by mixing » 
sample containing said circulating microparticles and/or stimulated procoagulant ceils with a 
specific receptor for a compound exposed on s.'-iJ circulating microparticles and/or 
stimulated procoagulant cells under condition to form a complex of the circulating micro - 
particles and/or stimulated procoagulant celts and the receptor and determining the amouni. 
of microparticles and/or stimulated procoagulaw cells by appropriate methods. If a 
precipitation or agglutination should find place, the receptor must be at least bivalent. In this 
case, the amount of microparticles and/or stimulated procoagulant cells could be determined 
by nephelometric or turbidimetric measurement. 

In another embodiment a variation of the above s'sysy can be used for determining a speeiil 
category of circulating microparticles and/or stimulated procoagulant cells by mixing a 
sample containing said circulating micropellets and/or stimulated procoagulant cells with a 
specific receptor 1 for a compound exposed on ss;d microparticles and stimulated pro- 
coagulant cells which receptor is bound directly or indirectly to a solid phase under 
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colons . form a compter of the solid pte M receptor I 1 and the 
Zlgul^. ceil, option* separating *. «« pnase *» *• ^ Jf* * 
S to tiremLpartieles snd/or the procoaguisnt c* vrhic* , sceepros 2 rs spec,* 
ZLto of *. special category of -d summed procoagu^ « , 

dXnining *e co.np.cx of receptor I, nicoparuCes or sumuUScd prolan, eel! *.td 
receptor 2 by appropriate methods (Fig. 2). 

fa another variation of the m* for tite totaation of the specie, subgsoup .M 
rf the drcubting nuclides and/or MM procoaguiant «* tite surtplc „ 
■ . receptor for a subgroup-specific compound exposed on sard rnrcropamdes and « 

stimulated prolan. eeUa and detemar^ the binding of " 
stimulated procoaguiant cells to said receptor by appropnare methods Ihe sobgroup- 
specmcreceptormu^edirectedtoaco,,^ whiehUeaposed ordy oncucu *d 
Iropartidea and/or stimulated protectant cells and no. on resting example, .or 
■ these eceptors are anneain-V for exposed procoaguiant phospholipid patch, speofic ano- 
bodies to L acive/functional conformed,*, of the platelet membra glycoprotcm complex 

OPIIWraa. or She monocyte or lymphocyte adhesive receptor UA-1, or endothcbal 

thrombomodulin, 

o Annexin-V and procoaguiant phospholipid patch: 

Dachary-Prigent J. et al., Annexing u . probe of aminophosphoiipid expoflict and 
platelet membrane vesication: A How cytometry study showing a rote for free 
sulfhydryl groups. Blood 81, 2554 - 2565 

Abrams C. & Shattil S. J„ Imm^olopical detection of activated platelet in cU-ucal 
disorders. Thromb. HaemostatS. 6!i (1«D. 67 - 473 

SttanN. ct al., Monocyte verifier, J. Immunol. .151 (1994), 3245-3255: A 
mechanism for dissemination of membrane-associated procoaguiant acuvtt.es 
following stimulation by lipopUyi accede 0 994), submitted; 
Hedrnan H. and Lundgren E, teftjlatte- of LFA-I activity in human B ceil*, J. 
Immunol. 149 (1992), 2295 - 2299 
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o Thrombomodulin: v _ 

" Hamilton K. et al., Complement proteins C5W> induce vesicul^on of the endotbebd 

plasma membrane and expose catalytic for assembly of the prothrombin** 

complex. J. Biol. Chem. 265 (1990), 3809 - 3814 

I, another embodiment a variation ofthe above assay can* wad for the detection of 
phosphoupid-bmding antibodies in a blood ft*** taxing the blood sample with nucro 
particles and/or stimulated procoagulant cells or synthetic phosphoKpid^mammg 
liposomes under conditions to allow the binding of pho.phoUpid-binding an.bod.es preset 
in said blood sample to said microparticles, stilted procoagulant cells or qpfeuc 
phospholipid-containing liposomes determining the phospholipld-bindmg int.bod.es by, 
appropriate methods (Fig. 3). 

Detailed description ofthe invention 

The detection and characterization of stimulated w activated blood a«d/or vascular cell, 
aad shed procoagulant micropartides can be Ordered a, a key step in the understand,* 
ofthe pathogenesis ofthrombosis. Circulating stunted or activated (the two terms coo! 1 
be used for the same expression) procoagu^t cells or fragments and micropores de«w,d 
therefrom appear a, marker, of prethrombotic *lts and also disseminate copulation 
reactions Such a dual behaviour requires uttf ^ on quantitative and quahtauvc has,,. 
The detection procedure has to be fast to allow appropriate prevention ofthe dcvdopm*a 
ofthrombosis. 

The invention provides a method for detcrmh^ .he prethrombotic state of an individual 
and for the diagnosis of various vascular feea-*, and risk factors and for momtormg the 
state of an individual after PTCA by determining the circulating microparucles and/or 
stimulated procoagulant cells. The term rrdcro^ ikies means small particles which are 
derived from stimulated procoagulant cells mainly platelets by microparticle shedding 
,7waal UFA.*, at, Mechanism and function of changes in membrane-phosphohp.d 
a^nmetry in platelets and erythrocyte, Hlocha*, 800. Trans. 21 (1993), 248 - 253). The 
I procoagulant cells means whole stimuli procaagphnt cells as well « topnau 
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thereof which expose anionic phospholipids nu ll.wir outer surfaee. The «m microparUclcs 
within this definition includes also apoptohc bodies of various origin u dcKribed above 

Tor the detection of these micropartick s udfor stimulated procoaguiant cells any 
appropriate method such as homogeneous or he terogeneous immunoassays or fcncuouJ 
assays could b e used . 

Since the concentration of these circulating microparticies and stimulated procoaguiant cells 
in the blood is rather low it is preferred thHt the first step of the present method ,s a bmdmg 
of these microparticies or cells to a solid pbue via binding to a specific receptor. Thereoy a 
concentration and separation of these nucropartkte and cells from other blood cells and 
other blood or vascular compounds is possib?e. 

Nevertheless it is also possible to determine the microparticies and/or stimulated procoagu- 
iant cells by a homogeneous method without an intermediate separation step. For exau.plc 
the microparticies and/or stimulated prcco^utat cells could be precipitated or aggtoated 
by a receptor which is at least bivalent. The precipitation or agslutinauon could be 
measured directly for example by nephelometric or turbidimetric measurement. It is ateo 
possible to measure the concentration by other homogeneous methods such as an 
(dectro)chemUurninescent method (EP-A-O SSO 979, WO 87/06706). In this case the 
receptor can also be monovalent, 

As specific receptor any receptor which binds to a naturally occurring molecule on tk- sur- 
face of the microparticies and stimulated pocoagulant cells could be used. Such a molecule 
must be specific for the microparticies and stimulated procoaguiant cells. Specific means 
that this molecule or marker must be exposed only on these microparticies or cells *n,1 not 
on resting cells e.g. resting platelets or that this molecule or marker is exposed in a Ui-ger 
amount on the surface of the microparticies or stimulated cells compared to the precursor 
cells Preferably the receptor is directed to the phospholipids on the surface of the m^ro- 
particles and stimulated procoaguiant cells. Amh. especially Annexin-V, a phospholipid' 
and calcium-binding protein also refeircd \o ar. placental anticoagulant protein-I or V.scuUu 
anticoagulant-a (Barton G.J. et al., Amino add sequence analysis of the alexin superman* 
family of proteins. Eur. J. Biochem. 1.911 (1991), 749 - 760), has been characterised u a 
structural and functional probe (Most er G. et al., Sub-dora;dn structure of lipid to.d 
annexm-V resolved by electron image analysis. J. MoL biol. 211 (1991), 241 - 245; Ravanat 
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C et al Use of annexin-V and its binding to lipid vesicle, J. Mol. Biol. 226 (1992), 1271 - 
1278- livanat C. et al., A neutron solution scati,^ study of the strucmre of M -V to 
demonstrate the rob of phosphatidyls^ expose In the rnaintcnance of haomosta.o 
balance by endothelial cells. Biochem J. 212 (1992), 7-13; Fernet J -M. end., The 
^yUc role of anionic phospholipids in the activation of protein C by actor X. and 
expression of its anticoagulant function in human p|„»u. Blood CoaguUt. F.bnnol. 2 ^ 
H 991) 691 - 698) of catalytic phosphoUpids in teamen reactions. In the present ol 
Lei urn, annexing behaves as a strong antagonl, ol: pho.phoUpid-depen^t ccaguhUon 
rcacTns due to its potent ability to compete with vitamin K-dependent protems for b,^ 
to anionic phospholipid surfaces (Ravanat C et ,1. A neutron solution s^ttenng study of 
the structure of annexin-V to demonstrate the «4. of phosphatidyl^ » «* 

maintenance of haemostatic balance by endothelial «Mi. Biochem I 2U (1992) 7 -13). 
,t was therefore surprising that annexin-V could b, used in a dUgnosuc method for the 
determination of microparticles and/or simulated ^coagulant cells wrthout ncgafvely 
altering the phospholipid-dependent coagulation region. Other specific receptors are, for 
example phospholipid-binding antibodies or antibodies directed to protems embedded n the 
phospholipids of the microparticles. 

The specific receptors such as annexin. especially annexin-V or specific antibodies to 
compounds exposed on the surface of ntopartides and stimulated procoagnbm cells 
could be coated directly to the surface of a mill phase, by methods known in the art such a, 
adsorption or covalent coupling via bifunction.1 agents. The indirect binding ot the specm* 
receptors to the solid phase is preferred because thereby it is possible to use un^rsally 
coated solid phases such as streptavidin-cout^ *fiJ phases and because a preincubation of 
the specific receptor with the sample in liquid phase is possible. In some cases thereby the 
binding of the receptor to the microparticles and/or stimulated procoagulant cells could be 
enhanced. The specific receptor is bound in this case to the solid phase via a specific bmdmg 
pair comprising of a first and a second binding pair member (bpm). The first bpm w attach 
to the solid phase and the second bpm is coupled m the specific receptor. Examples of 
specific binding pairs are known in the art for example hapten/antibody, enzyme/substraic, 
cuyme/inhibitor, antigen/antibody, avidin or * .pl^duvoiotin and sugar/lecli*. The use of 
• avtdin or streptavidin/biotin as the specific binding pair is preferred (Fig. 2). 1 he procedure 
of attachment of avidin or s tre P tavidin and thd coupling of biotin to protems and other- 
molecules is well known in the art for example: luyer and Wilchck, Methods of BmcWcal 
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A»b* (IHQ 36. 1- «. SOep^vi^cd hte. « roicrote pbu. « «*■*> 
commercially. 

As .olid phase there could be used for «^ tube,, beads, idcroiitcrpta or rnico - 
£££ of Pl^cs for example P ol^>l, p*** polyp* «n,e, 
polysaccharide, silicone or glass (E. T. ft!** 

Florida (1980), 175 - 180, EP-A-0 0630*4, Bio*g0*enng 16 (1974), 997 - 1003 and 

llonoa ^ . ,.„„,v . 1065^ The microcamcrs could be 

S 0 ndersonandWUson t Imniunology2p.(i:>71), 1061 IW>V- 

used as small columns. 

A, arrnple it U possible to use wWe bto! or plum. H h «P«My P«f«* d «• "* 
ptaeJpoor pUsr™. Prefab the We b suppfcm^ted with « -ff»*** « colon 
co*»htag for throrobir. «* *** * inhibitors. A. composruon afire 

Magu , Jsolurion for eolleouon ofblard »|M Ml «*«™ " 1 lwd 

as low as possible. 

The microparticle, and/or stimulated procoagulanl cells are captured by incubating LUe 
^ple with the specific receptor attach,! to the solid pnas. or by inking the ..pie 
with a soluble specific receptor and fetttfer attaching the receptor to the soud ph, * The 
incubation period depends on the specific «. ptor i.e. it, affinity, and the shape ol the sohcl 
phase When using biotinylated an«e*m-Y utndied to a streptavidm-coated ********* 
an incubation period of about 30 minute* at iucua temperature is appropriate. 1- or ike 
optimal binding of anncxin-V to ammopho.phoHpids free calcium ions should be pu'sent 
during the incubation in an amount of at least I mM but not exceedinglO mM. 

After this incubation period the solid ph.se should be washed to remove unbound «m P le 
compounds. A buffer solution with physical salt concentrations and calcmm »u for 
example 50 mM Tris buffer. P H 7,5 ««*.**« 0, 1 M NaCl and 1 mM CaCl, could be used. 

After capturing of the microparticle, wHw Emulated pnaMgubnt cell, the amount of 
thee compounds could be determined dfe»ly on the solid phase or aftet the sepa, man «f 
the impounds from the solid phase When using tubes or microtherpbtes as solid plute it 
is preferred to determine the amour.t ft ecu? on this soUd phase. When using a Act 
coLmn filled with microcarriers as solid phase it is preferred to eluate the micros tides 
and/or activated eells from the column «n4 thereafter determine the amount .n the eluant. 
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Because the measurement directly on the solid phase is more rapid this method is more 
convenient and preferred. 

For the determination of the amount of micropw tides and/or stimulated procoagulant cells 
on the solid phase or after the separation of tins fcolid phase any appropriate method is 
convenient. Preferably the microparticles and/or £ti n-jlatcd procoagulant cells arc 
determined via their procoagulant activity whicU is Used on the availability of anionic 
phospholipids in the outer membrane of the microparticles and/or stimulated procoagulant 
cells (Fig. 2). The microparticles and/or stimulated ptoeoagukuit cells are incubated with a 
substrate which can be activated by an enzyae oi tittyma complex which is procoagulant 
phospholipid-dependcnt, such as prothrombin (factor ff). Further enzymes, coenzymes and 
cations such as factor V, factor Xa and calcium-ions, which are required for the activation 
reaction are added. The prothrombin activation is Jm«sily dependent on the amount of pro- 
coagulant anionic phospholipids in the sample. Xt b [-.referred to incubate the mictoparticles 
and/or stimulated cells in a first step with a mixture *>[ the necessary enzymes, coenzymes 
and cations for example prothrombin (factor II), factor V, factor Xa and calcium ions. After 
a predetermined incubation period the activation of prothrombin (factor 11) to thrombin 
(factor Ha) is stopped for example by the comflwition of calcium-ions. EDTA is a 
prefen-ed complexation agent. Thereafter a chromogenic substrate that could be hydrolyseJ 
by thrombin is added and the liberation of the chromophore is measured by recording the 
absorbance change. Chromogenic substrates for thrombin are well known in the art for 
example Chromozym® TH (Tos-Gly-Pro^us-p-nitioanilide-dehydrochlorid) or D Phc~ 
pipecolyl-Arg-p-nitroanilidedihydrochlorid. The phospholipSd-depcndent prothrombin- 
converting activity assay was adapted from Conner J, et al., Differentiation-dependent 
expression of phosphaditylserine in mammalia** plasma membranes: Quantitative assessmf.nt 
of outer leaflet lipid by prothrombinase eoMpl«>: formation. Proc. Natl. Acad. Sci. USA M 
(1989), 3184-3188. Concentration of the vni ious reagents is such that linearity is 
preserved over a wide concentration range of e<pa?ed procoagulant phospholipids. The 
preferred final concentration of each compound is 2.5 pM for factor II, 33 pM for factor V, 
11 P M for factor Xa, 1.3 mM for CaCl 2 , 5mM f« EDTA, and 70 pM for Chromevzym* 
TH (Connor J. et al., Differentiatioti-depcridenS expression of phosphaditylserine in 
mammalian plasma membranes: Quantitative assessment of outer leaflet lipid by pro- 
thrombinase complex formation. Proc. Natl. ACfJ. Sci. USA 86 (1989), 3184 - 31 88) 
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u a« ration of the ndcropart^ and/or stimulated procoagul^t cdls boat,:! to 
For the determination of the nucropair for ^ ^ 

T,h n c* it is also oreferred to u,<;e » :,ecoi«i recepior wium »» p 

f^ch-Ly *W h «U known in ft. an. Tbe aeoond ««. «— 

camea0Ul y .„ i,n * ^r^«l actainst a different molecule or 

■ ... first receptor or it could be dnectea again*, a 

SZI - 1- b only ««. ry » one of «. two recepto,' used ^ 

SI* «-y U for * nucrt^rrides and/or ahnuUUd prolan, ceil, T*. 

could be the first or the second receptor. 

For the detemunauon of the loud amount oMceoparude* -*r plated I""*** 
Iltisprefered touse receptors ducclad .o compounds wbich are ***** o « - 
fud« Lor plated proco^to. cell. Mta* «cond receptor : - ^bedy 
nUvV. Preferred are anubodtea ^ » anionic pboaphoUptds p*. « A. 
ta^nolode detecuon of ptoaphadityl »« equation during throtnbtn-rndueed 

Li-phospboKpid nndbodiea bind ,o ptt*. microparudes in idiopattao — one 
£LJ»pL P-Pora. Ann. Mii « 0»*» or ^nodn-V (kW l - 
-..AnnXv^.prob.of.n^pho.phoapidoxpoaur.^p^n^v^- 

culation: A flow cytometry srudy .bowing » rote for free sullhydryl groups. Blood U. 2i54 
-2561). 

The binding of the second receptor b d««ted by appropriate methods. The second 
receptor could be labelled by an enaytne, <eUtctro)chetoifornin«scent. fluoreaee,.. or any 
outer label It is also possible to use » ir.di.ect label, i. c. a receptor for cample an to..,- 
£1** agaujdte second Is labeucd wi«h the above ntent.one 1^. 

This indirect label hes Ute advents .to. a -universal label- for -ramplo a laWd ant. c 
^body could be used. Examples ard meUtods fot the directly or tndtrecly labettng of the 
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second receptor are known in the art (Coligan J. M. t Kruibeek A. M.. Margulics M 
ShevachEM., and Strober W. (1992, 1994) Cm root protocols in Immunology - Wiley 
Inter science = New York), 

I„ the homogeneous method for the determination of the circuUting nucropamch* and/or 
stimulated procoagulant cells the sample is mcufcated with a specific receptor. TO. receptor 
must be directed to a molecule which is common to all mieroparticle.-, and/or stimulated 
procoagulant cells for example anionic phospholipids. 

In the case of an agglutination or precipitation region the receptor must be at least bivalent 
to allow the bridging of at least two micropaiticle. and/or stimulated procoagulant cells 
vduch results in a precipitation or agglutination, 1 h« ^ceptor is preferably an antibody. U u 
also possible to use monovalent receptors such as annexin-V or bivalent receptors which .re 
cross-linked or coupled to carriers to produce id captor-complexes which are at least. bl< 
valcnt Methods for cross-linking of receptor, cr coupling of receptors to carriers such ti 
bovine serum albumin, dextrans, polysaccharides or htex particles are known m the art. 

The precipitation or agglutination of the receptor - microparticles and/or stimulated pro- 
coagulant cell-complexes are determined preferably by nephelometric or turbid.metnc 
methods. 

In another embodiment of the heterogeneous method as described above the first recept. >r is 
directed to a compound common to all ndcrapnlfclcf and/or stimulated procoagulant cdls 
and the second receptor is directed to a compound, molecule or marker on the surface cri 
the microparticles and/or stimulated proemgotai cells which is common to a subgroup or 
category of microparticles and stimulated cells (Fig. 2). Thereby it is possible to detamutc 
the special category of the microparticles and/or stimulated procoagulant cells and thereby 
conclude to the origin of the microparticles uidtor stimulated procoagulant cells. The ongin 
could be for example thrombocytes, monocles or endothelial cells 

A further embodiment of the present invention is therefore a method for the determining 
of a subgroup or category of circulating microparticles and/or stimulated procoagulant cells 
by mixing a sample containing said circulating microparticles and/or stimulated pro., 
coagulant cells with a specific receptor 1 for a compound exposed on said mkroparticks 
and stimulated procoagulant cells which rectplw m hound directly or indirectly to a sohd 
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phase under conditions to allow the formation of a complex of solid phase bound receptOJ : 1 
and miaoparucle or procoagulant cell, optfcnrily separating the solid phase from the i.qutd 
phase binding of a receptor 2 to the miaopartfdcs and/or procoagulant cells wluch 
recepior 2 is specific for a marker of the cai«£jo»y or subgroup of microparticles and pro- 
coagulant cells and deternuning the eompte uf receptor 1. microparticle or stimulated pro- 
coagulant cell or receptor 2 by appropriate methods. 

As receptor 2 it is preferred to use an antibody against a tubgrwp+pcofic marker, mole- 
cule or compound on the surface of the iwrrepoflictas and stimulated cells, Examples for 
these markers are for thrombocytes GWb, GPIX. GPIIb/ITIa, thrombospondin or for endo- 
thelial cells, thrombomodulin or for monocytes COM or TF (tissue factor which couM also 
be found on micorparticles shed from Emulated endothelium) or GMP HO (P-schwm) 
which is found both on activated platelets and endothelial cells or CD4 and DC1 U fiv 
apoptotic bodies. 

A further embodiment of the present invention is a modification of this assay for the 
determinauon of the subgroup of circulating miccoparticles andVor stimulated procoagulanl 
cells. This method for the determination of subgroup* of microparticles and/or stimulated 
procoagulant cells comprises mixing ft pmptfi with a receptor for a subgroup-specific; com, 
pound expose on the microparticles and/or stimulated procoagulant cells and determining 
the binding of this receptor by appropriate methods. A receptor for a subgroup-specific 
compound means a receptor that is direc ted to a compound, molecule or marker wlvch is 
only present on the subgroup and is tat or much less prestmt on other subgroups of micro - 
particles and/or stimulated procoagulant cells and resting cells for example resting platelet*, 
monocytes or endothelial cells. For example some phospholipid-binding antibodies ue 
directed to proteins in connection with phospholipids, i.e. they do not bind much to the 
protein or the phospholipid alone. 

This binding of this subgroup-specific receptor to the microparticles and/or stimulated 
procoagulant cells could be determined by known methods. The subgroup-specific receptor 
could be for example bound directly cr indirectly to a solid phase as described above, After 
capturing the microparticles and/or stimulated procoagulant cells of a special subgroup the 
amount could be determined directly on the solid phase or after their separation font the 
solid phase as described above for example via their procoagulant activity (prothromin 
assay) or via a second receptor which is specific for the microparticles and/or stimulated 
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procoagulant cells or a receptor which is specific lor ft marker on resting cells such as 
platelets, monocytes or endothelial cells. The failing of (he subgroup-specific receptor 
could also be determined directly via the precipitation or agglutination of the micrapsrticlcs 
and/or stimulated procoagulant cells by this receptor which must be in this case at least 
bivalent as described above. To obtain an agglutination the subgroup-specific receptor is 
coupled to particles such as latex particles. 

With the aid of the above described assays it is not only possible to detect circulating 
microparticles and/or stimulated procoagulant cells or subgroups thereof. These assays 
could be slightly modified to determine phospholipid binding antibodies in a sample. There- 
fore, there is provided a method for detcrmjimitf phospholipid-binding antibodies in a 
sample by mixing the sample with microparticles wttor stimulated procoagulant cells or 
synthetic phophoupid-containing liposomes undf.r conditions to allow the binding of 
phospholipid-binding antibodies to these miwopnHkles or procoagulant ccUs or synthetic 
phospholipid-containing liposomes and detenniumg the binding of the phospholtpid-bindir.g 
antibodies by appropriate methods. 

The microparticles and/or stimulated procoagulant tells can be obtained from human blow! 
or plasma especially from human platelet poor plasma. It is also possible to use micro- 
particles and/or stimulated procoagulant crils from Wood or plasma of an animal sine* 
phospholipids are ubiquitous components. H is ptefcrred to use synthetic liposomes con- 
taining phospholipids in their membrane. Methods lor the production of liposomes are 
known in the art for example Frcyssinet el al, Blochem. J. (1989), 261, 341 - 3 48. A 
preferred method is to use Uposomes made of a mbture of phosphatidyl serine and 
phosphatidyl choline (1 : 2) prepared by the dialysis method according to Freyssinct et al. 
(above). 

The microparticles and/or stimulated procoaguUm cells or liposomes can be bound to a 
solid phase preferably by receptors to phospholipids i. e. phospholipid-binding antibodies or 
annexnvV. The receptors could be bound dirwtly or indirectly to the solid phase as de- 
scribed above (Fig. 3). 

In the preferred embodiment the micropar ticks, simulated procoagulant cells or liposomes 
are bound to a solid phase via streptavidin or aviuin/biotin. Streptavidin- or aviriin-coatwl 
solid phases are known in the art. The micropanicies or procoagulant cells or liposome; are 
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biotinylated. Biotinylation of these micropardclcs, cells or liposomes can be done by 
incorporation of biotinylated phospholipids, into the membrane of these particle* This could 
be done by simply adding to the microparticles, stimulated procoagulant cells or liposomes 
biotinylated phospholipids for example blo&iylated phosphatidyl ethanolamine or 
phosphatidyl choline. The biotinylated phospholipids are inserted into the membrane of the 
particles. It is especially preferred to me this nrthod for attaching syntlieticaUy produced 
liposomes to solid phase. The liposomes arc produced by adding for example 1 % 
biotinylated phosphatidyl ethanolaminc or biotinylated phosphatidyl choline to die othar 
phospholipids. 

In another preferred embodiment the circulating microparticles and/or stimulated pro- 
coagulant cells or synthetic phospholipid- continging liposomes are bound to a annexhi-V- 
coated solid phase as described above (Fij; 3). 

The blood sample under examination is mixed with the microparticles and/or procoafciilant 
cells or liposomes under conditions to allow the binding of phospholipid-bmding antibodies 
in said blood sample to the particles and to allow the binding of the particle lo the solid 
phase in the case of an indirect attachment. The particles could be attached to the solid 
phase simultaneously, before or after the binding of the antibodies to the particles. After a 
separation of the solid phase and the liquul phase to remove any unbound compounds and if 
necessary an additional wash step of the solid phase, the phosphobpid-binding antibodies 
which are bound to the solid phase via th« migroparticles, stimulated procoagulant '. ells or 
liposomes are determined by approptiate: methods. 

It is preferred to determine the bound phospholipid-binduig antibodies by specific labelled 
receptors to the phospholipid-bmding antibodies such as anti-Fc antibodies, anti-human 
immunglobuline antibodies, anti-humafi-IgA, G, M-antibodies, anti-ligin^hain-antihodies, 
protein A or protein G. The specific receptors for the phosphoUpid-binding antibodies could 
be labelled directly or indirectly as described supra. 

This method for the determination of phosphoUpid-binding antibodies can be variaUd to 
detect special subgroups of phosphoUpid-binding antibodies. Jt is known mat some auto- 
antibodies are specific for a complex of phospholipids and special proteins winch trt 
incorporated or bound to the membrane of the microparticles and/or stimulated pro- 
coagulant cells. It is thereby possible tu assess combinations of phospholipid-containing 
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particles and phospholipid-binding proteins from plaftviA for example 02 -glycoprotein I , 
prothrombin, protein S or protein C as possible antigens responsible for the &nti-pho$pho- 
lipid syndrome characterized by the presence of corresponding reactive antibodies. The fir&i 
advantage of this system is its versatility with respect of phospholipids of various; 
composition to be assayed in combination with the above mentioned phospholipid-binding 
proteins. The second is that it allows to assay the possible in vitro anticoagulant potential 
of some phospholipid-binding antibodies using the same support as^that enabling their 
detection. 

By using microparticles and^or stimulated prccoftgulant cells or synthetic phospholipid- 
contauung liposomes which further comprise thes-5 mentioned proteins it is possible to 
determine subgroup-specific phosphoLipid-bhidmc, antibodies (Fig. 3). The proteins can be 
incorporated into the phospholipid-containinj; parades as integral or peripheral membrane 
proteins (B2-glycoprotein-I, prothrombin, protdLi S, protein C, etc). 
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Brief description of the drawings 

Figure 1 shows the blood coagulation .sysve/n 

APC: activated protein C 

ATIH: antithrombin HI 

D.S.: dennatan sulfate 

GAG: glycosanunoglycans 

HCIl: heparin cofactor II 

HEP: heparan sulfate or heparin 

PC: protein C 

PS: protein S 

TF: tissue factor 

TFPI: tissue factor pathway inMbitor 

TM: thrombomodulin 

H: prothrombin 

Ha: thrombin 

Other roman numerals stand for the con isp tending blood coagulation factors, 
activated when followed by "a" and intctivuiftd when followed by "i w . 



Figure 2 shows the principle of the detection of circulating micropartlcles or stimulated 
procoagulani cells or cell fragments by aa FJJSA of CD's and/or GP's or by protlvombinasc 
activity. 

GPV Glycoproteins 

CD's; Cluster of differentiation antigens 

Figure 3 shows the principle of the dcfxiicn of phospholipid-binding antibodies by EUSA 
of APL (phospholipid-binding antibody), 
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Figure 4 shows the effect of the biotinylated ratio of annexiii-V on the prothrombin&se asiw&y 

AV/Bi: biotinylated ration of annexin- V 
AOD/min: optical density per minute 

Figure 5 shows the effect of the biotinylated ardicwin-V (AV-Bi) concentration on the 
prothrombin ase assay 

AOD/min: optical density per minute 

Figure 6 shows the effect of the phospholipid cnucantraiion on the prothrombins assay. 
AOD/min: optical density per minute ^ 

Figure 7 shows the prothrombinase activity in the supernatant of U937 cells treated with 
oxysterols for the induction of apoptosis. 

Figure 8 shows the detection of specific membrane antfgen CD1 la present at the surface of 
microparticles captured by biotinylated anncxin Va complcxed to SA-coated 
microtiterplates. 

Figure 9 shows capture of microparticles bearing sped.Bc antigens by corresponding 
insolubilized antibodies. 

Figure 10 shows procoagulant microparticle riftieaiott in plasma from patients with J? Nil 

Figure 11 shows immobilization of different phcrtphotipd antigens onto strcptavidin-coated 
micro titration plates for solid phase detection of plsospholfpid-binding antibodies. 

Left: hexagonal phase phospholipids, right: bilaycr phospholipids; SA and Bi stand for 
streptavidin and biotin respectively. 

The invention will be described in greater detail in the following examples. 
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Example 1 

Proteins and reagents 

Human blood coagulation factor X md prothrombin vvere purified from vitamin in- 
dependent protein concentrates free of common viral contaminants (tTreyssinet J>M et al, 
Interference of blood coagulation vitamin K-dependcnt proteins m the activation ol human 
protein C. BiochemI 256 (1988), 50] * 507). Human 

a-thrombin (3,000 National Institutes of IlerJth (NIH) uniting of protein) was pre pared 
from purified prothrombin according to Kicyssmet J,~M eH aL, Interference of blood 
coagulation vitamin K-dependent proteins ia the activation of human protein C. Bicchem I. 
256 (19&8), 501 - 507. Factor Xa was obtained from purified factor X zs describe in 
Freyssinet X-M. et al., Activation of hua\aa piotein C by blood coagulation factor Xa in the 
presence of anionic phospholipids. Biochom J. 261 ( 1989), 341 - 348. Factor V was 
purchased from Diagnostic* Stago (A&riircs, France). Human placenta annexin V (placental 
anticoagulant protein*!) was purified according to Funakoshi et al. (Piuiako&hi T. c£ al., 
Human placental anticoagulant protein: isolation and characterization. BiochemisUy 26 
(1987) 5572 - 5578) and characterised H fublishcd in Ravanat C. et al., Use of annexin-V 
and its binding to lipid vesicles. X MoL Biol £26 (1992), 1271 - 1278. l-O-n-octyi-p-D- 
glucopyranoside, streptavidin-coated xr.icrttiiration plates (BM H 1487051), biotm-X-GSu 
(BM# 1008978) and ChromzymTII\\<:re from B.oehringcr Mannheim (MAnnhttw* 
Germany). Phosphatidyl choline and phosphatidyl serine from bovine brain, human serum 
albumin and calcium ionophore A231S7 weru products from Sigma Chemical Co. (St, 
Louis, MO), Fluorescent membrane probe (»ed fluorescence) l.l-dihexadecyI-3,3, V,3'- 
tetramethyl indocarbocyanine (DaCi,s(3)) was, from Molecular Probes (Eugene, Oil). 
Chromogcnic substrates N-ct-benzyloc^if be ay]'D^argi^yl4'.-glycyl-I^arginine-p-jiIrroaiiilif(e- 
dihydrochloride (S-2765) and H-D~plu nyL^Uriyl-I^pipecoiyUl^arginine-p-nitroanilide 
dihydrochloride (S-2238) were purchased from Chromogemx AH (Mfilndal, Sweden). 
Phcnylalanyl-Prolyl-Arginyl chloromethyl fcaone (PPACK) and !>dansyi~GlutamyI- 
Glycyl-Arginyl chloromethyl ketone (Dns-GGACK), two potent irreversible inhibitors of 
thrombin and factor Xa respectively, v^crc obtained from Calbiochem (San Diego, CA). All 
other reagents were of the highest available purity grade. 
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Liposomes 

Reference liposomes made of 33% phosphatidyl Junius imd 67% phosphatidyl choline 
(mol/mol) were prepared by the dialysis method according to Freyssinet 1-M, et a]., 
Activation of human protein C by blood coaguhuluu Victor Xa in the presence of anionic 
phospholipids. Biochem J. 261 ( 1989), 341 - 34 S, 

For the phospholipid vesicle preparation (phosphatidyl serine/phospliatidyl choline 33/66 
(mol/mol) 3 mM) the following reagents were «se4: 

L-ct-Phosphatidyl-L-serine from bovine brain (Sk-ma) : PS 
18.18 mg/ml (chloroform solution) 

L~a-Fhosphatidyl choline, type HI-B from bovine brain (Sigma) : PC 
10 mg/ml (chloroform solution) 

Buffer A (without detergent) : 

Tris 50 mM, NaCl 150 mM, NaN3 0.02% (w/v), pj 1 7.5 

Buffer B (with detergent) : 

n-octyl p-D-glucopyranoside 2°/o (w/v) buffer A 

Procedure Use chloroform rinsed glassware 

55 nl of PS were mixed with 200 pi of PC, evaporated under nitrogen flow at room 
temperature, resuspended in 1 ml of buffer B and dialysed against huffer A, 

In some experiments the DilCi6(3) probe vi'as addsri to the phospholipid mixture at a firsat 
molar ratio of 0.1 Vo before dialysis which allowd us incorporation imo the resulting bilaytf 
structures, When analyzed in the frozen-hydra*, ed &tutc by cryo-electron microscopy, tiie 
liposomes appeared mostly unilamellar, rather ?>phtttcal and had a mean diameter of 150 
nm, with extremes at 30 and 300 nm (Pigauk C. ct a!, t Formation of two-dimeasional arrays 
of annexin-Von phosphatidylserine-containmg tposorcics. J. MoL BioL 216 (1994) 199 - 
208), Phospholipid molar concentrations w?;re delet mined assuming an average molecular 
weight of 780 for each species. For use as capture slandards by insolubiJized annexm-V, 
liposomes were diluted in 50 mM Tris buffer, pi 1 7,5, containing 0.1 M NaCl imd 1 mM 
CaClj, The characteristics of DilC 2 fi(3)-lat clc^ i liposomes appeared comparable to that of 
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micropanicles shed from either cell rype iucluding platelets (see below) when analyzed by 
flow cytometry (Dachary-Prigent I ct al. t Anntain-V as aprobe of wnin&phospholipid 
exposure and platelet membrane vesicuLuo^.: A flow cytometry study showing a rol it for 
free sulfhydryi groups. Blood 8L 2SS4 - 2 565). 

Megakaryocyte cell lines HEL and MEG -01 &ra routinely cultivated following 
recommended procedures from the ATCC (American Type Culture Collection, Roirizvillfi, 
MD). Human monocytes were harvested ar,d maintained in culture as described i n Saltan N. 
et al , Monocyte vericulation, J. Immunol 155 (1994), 324S-3255: A mechanism for 
dissemination of membrane-associated pro coagulant activities following stimulation by 
lipopolysaccaride (1994), submitted. EMra type of celt was adjusted to 1. 10 7 cells/nil 
before treatment with 3 pM calcium wnophore. for 3 min int the presence of 1 mM CiC^ fit 
room temperature, in order to induce msosiiram lnicropaiticle shedding and phosphatidyl 
serine exposure. Cells and corresponding supernatant* were separated by centrifugation at 
12,000 g for 1 nun at room temperature. Cell pellets were resusp ended in a volume ftqual to 
the original one. 

Samples from patients or control Mibjwis 

Blood samples were collected by veu puncture in 0. H M ui-sodium citrate at a fed 
volume ratio of 9:1. Platelet rich plaLtna (PRP) was obtained by centrifu&ition at ISO g foj" 
15 min at room temperature. Plateleis wt;rc counted using a microscope. Platelet poor 
plasma (PPP) was obtained by centrifugauoii of PRP at 12,000 g for 1 min at room 
temperature. Another procedure to obtain 1W constited of staring from plasma h^ 1 vested 
after centrifugation of whole citrated bluod al. 1,500 g for 10 min. at room temperature and 
centrifiiged a second time at 12,000 g fod rain, at room temperature. Just before 
rectification, PPACK and Dns-GGAC K were added to samples at a final concern* ?tion of 
10 pM each. When used undiluted, sample* were recalcified by addition of CaCl? at a fin^i 
concentration of 30 mM just before feeing in contact with insolubiliicd biotinylated annexin- 
V. This starting calcium concentration w:a$ 2 -fold less for each 2-fold dilution of samples. 
As the final citrate concentration is 14 raM, at least 21 mM of calcium is necessary to 
complex the excess of citrate. Henco, fcacmental calcium with respect to the 21 mM value 
should, in theory, be sufficient to allow the interaction between insolubilized annexiti V (s£e 
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below) and cell fragments bearing exposed phosphatidyl serine. However, in the niM ran££, 
calcium should allow the optimal binding oJ'fttf m&nts bearing at ltast 10% pho&pbmtidyl 
serine, in the 10 mM range this threshold Q7M I c lowered to 2% as published in re£ Pigaish 
C. ct al.j Formation of two-dimensional 'arrays of ^nncxin-V on phosphytidyl^rine- 
containing liposomes, J, Mol. Biol. 236 (1994) 199 - 208. 

Biotinylation of annexin-V and preparation of * ast rcpf^vidin^hiotin-»ni3itxin-V- coaf*J 
microtitration plates 

Biotinytation of annexin- V was achieved at various biotin to protein molar rations tanging 
from 20/1 and 2/1. 



REAGENTS 

Biotinylation buffer; 75 mM KH 2 P0 4) 200 mM NaCl, pH 7.7 

Biotin solution : 1 1.4 mM BioLm-X-OSu (MWM54.5) in DMSO 

Storage buffer; 75 mM K I h i>( \ 200 nM NaO, Lysin 1 0 mM, pK 

7.7 



0.5 mg of annexin Vb dialysed overnight at <TC asjitist 200 ml of Biortnylaiion buffer. 
Annexin V (MW=35000) is then diluted to \ mp;/ml (s te 0 

Biotin solution is added to annexin V at the following ratio : 

AV/biotin (mol/mot) ~ 1/5 

After 90 min at 25°^ the reaction is stopped by adding 1M Lysine/FlCl to a final concen 
tration of 10 mM. The biotinylated annexin V is finely dialysed overnight at 4*C against 
Storage buffer, This biotinylated annexin V c:us be stored for months at *80°C\ without 
detectable loss of anti-phospholipid potentirj. 
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Biotinylated annexin-V (annexin-V Bi ) was insolubilizcd onto streptavidifl -coarfed 
microtitration plates by contact of 100 pl/wdi of imnexin-V B » solution in 50 mM Ttis 
buffer, pH 7,5, containing 0.1 MNaCl a n<\ 3 mg/nJ albumb, at concentrations raring from 
50 ng/ml to 1 pg/ml, during 30 min at ioom temperature. The plates were then washed 3 
times with 200 ul of the above buffer and irj; mediately used for capture of activate} cells or 
fragments. 

Capture of Activated cells or derived (mitiw)particlei 

100 pi of PRP or 200 pi of PPP samples recalcificd and supplemented with thrombin and 
factor Xa inhibitors as described above, on' 100 ul of cither cell suspension or 
corrresponding supernatant, or 100 ul of liposomes was added per well. Incubation was 
allowed to proceed for 30 min at room tcnip-ef ature and was followed by 4 washing steps by 
200 ul of 50 mM Tris buffer, pH 7.5, coaming 0.1 M NaCl and 1 mM CaCljj. In some 
control experiments liposomes were used instead of PRP or PPP samples, in other ftnes 3 
mM EDTA was used instead of calcium. Mates supposed to bear activated cells or 
fragments were immediately used for detection of procoagulant phospholipids by 
prothrombinase assay. 

Prothrombinase assay 

Blood clotting factor concentrations have t<mi determined to ensure that phosphaii'iyl 
serine concentration is the rate-limiting parameter of linear reactions of activation of 
prothrombin to thrombin. In any case le.:s than 20% of total protein substrate was converted 
into its activated foim. Measurement s w£f& performed in triplicate in 96-well strcpi^vidin- 
annexiivV Bl -coated microtitration plaice in 50 mM Tris buffer containing 120 mM NaCl, 
2.7 mM KC1, 1.5 mM CaCl2 and 3 mg/n<l a'bumin, adjusted to pH 7.5, in a final intubation 
volume ofl 50 |al. 

Phosphatidyl serine presence was detected through its ability to promote the activation of 
prothrombin (2 pM) by factor Xa (10 pM) in the presence of factor V(a) (50 pM) and 
CaCl2 (1.5 mM). The 5-fold excess of t tctor V with respect to factor Xa enables io 
minimize the possible contribution of "factor V couterpart attached to or released by cells. 
Incubation was allowed to proceed for 2 h for platelet samples, cell suspemions and 
corresponding supematants, or 15 min for control liposome, at 37°C in either caw. 
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Prothrombin activation was stopped by addition of an excess of EDTA, i.e. 3 n:M final 
concentration. Chromogenic substrate for thrombin, S-223S or Chromoaym TO, was than 
added at final concentration of 0.1 mM. Line* r absorbance changes recorded a£ 405 run 
were converted to concentration of generated thrombin by reference to a standard curve 
constructed with known amounts of thrombin. Ift controls either factor Xa or prothrombin, 
or both were omitted. 

Inhibition assays of prothrombinase activity by soluble annexin V were carried out by 
adding this phospholipid antagonist at a fital omantiation of L5 \iM in the respective 
media just before coagulation factors. The a3m of the latter verification was lo ascertain the 
phospholipid-dcpendent character of the n:ear ur^d generation of thrombin. 

Kramnle 2 

Effect of biotinylation ratio of annexin- V 

Different protein to biotin molar ratios, ranging from 1/2 to 1/20, were tested in the 
prothrombins assay of example 1. 1/5 to 1/10 ratio yielded the best labeling condition 
with almost no loss of pho5pholipid-bindin 4 j cup&ohy or ability to retain liposomes or 
activated cells or derived fragments when inscihibftiaed (see Fig. 4). No attempt to quantify 
the number of biotin molecules linked per molecule of annexin- V was rnade since the 
procedure appeared rather reproducible with alteration of annexJn-V properties 
(determined by ^solubilization of annexin- V^ 1 ' orrfo streptavidin-coated microtitraiion 
plates and determination of phospholipid capture capacity by prothrombinase assay using 
liposomes). 

Effect of annexin- V^i and phospholipid conccattritioii 

Several conditions were tested with respect lo annexia-V B » concentration as well as the 
initial protein to biotin ratio, As above the prciciri lo biotin ratio was varied between 1/2 to 
1/20 while the annexin-V Bl concentration lange was 50 ng/ml to 1 ugAul Phospholipids 
were added under the form of liposomes at co/scctf rations ranging from 0.03 to 300 uM. 
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The best combination was achieved when annexj^V was biotinylated at a protein to biolirj 
ratio of 1/5 and used at 400 ng/ml for completion to insolubilized strepUvidin (Fiy. 5). 
Under these conditions saturation, occun cd ;it 60 jiM phospholipid (Fig> 6) whicH 
corresponds roughly to the maximum mfact; packing assuming that liposomes aie spheric.il 
and have an average diameter of 1,500 A. At saturation the amount of generated tkombin 
was - 1 nM/min, 

Example 3 

Capture of cultured cells or derived fragments by insolubilizcd anneaiii-V^ 

In order to further ascertain the ability of imoliibilized annexin-V^ 1 to retain, cells <X shed 
fragments bearing phosphatidyl serine rcfosed iit their outer surface, lysed platelets, or 
ionophore-activated cells or corresponding supernatant were incubated in annisxin V~ 
containing wells as described above. 

The supernatant of platelets lysed at an initial concentration of 15 x 10 7 cells/ml vtj$ a 
source of procoagulant phospholipids which allowed to reach saturation under the same 
conditions as liposome suspension ccmiahiing 60 \xM. phospholipid. It is interesting to 
emphasize that the phospholipid concen'.zation contributed by IS x pktelqts/ml as about 
130 nM, i.e, half the optimal liposome concetti alion. However, tiie proportion of 
phosphatidylserine in liposomes is at least tiuee times higher than that oClysed placets 
since it cannot be expected to be great ej tbao 10% (mol/mol) in the latter case wheis 
phospholipid scrambling is considered as maximum (Zwaal R.F.A, et *d_, Platelets and 
coagulation. In: Zwaal R.F A et al., eds\, Blood coagulation. Amsterdam: Elsevier Science 
Publishers B.V, (1986), 141 - 169). This indicates that inducible phospholipid-depcudeni 
procoagulant activity i$ more efficient than that of liposomes bearing spartaneouiily 
expressed phosphatidylserine. 

The same saturation amplitude as th;it observed with liposomes was obtained with mono- 
cytes or supernatant but after two hour iucub&lion m the prothrombins assay insto^ad of 10 
min which corresponds to a thrombin gtiuctttion rate of «* 85 pM/min, Hie value measured 
with HEL or MEG-01 or respective supc-ma rants were ~ 4 to 5 times smaller. The 
phospholipid composition and distribution in monocyte, HEL and MEG-01 plasma is not 
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known but it can be reasonably anticipated that ior*>paorc-activaxcd monocytes would 
exhibit the same procoaguant activity as lyicd platelets when adjusted to the same 
concentration while that of HEL and MEG -01 cdis woidd remain consistently lower. 

Example 4 

Capture or circulating activated platelet? or $h««2 jnicroparticles by insolufiiJbtrf 
aonwin-V^' and determination or associat e ! \n tfthrornbinase activity 

Nine samples from 16 patients and 8 control subjects were examined after preparation aid 
used without dilution as described in example I. The results of prothrombins* activity 
determinations are summarized in the folio wing inble 1, values being normalized to 3 x JO 5 * 
platdetsfrnl. 
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Example 5 

Determination of phospbsttidylserine-conUineog skpoptotie bodies derived from 11337 
cells 

U937 ceils are grown in a humidified 5% C0 3 aunosphere at 37*C, using {LPIVU J 640 
medium with Glutamax-I, supplemented with 10% hc*%t-foactivatfid fetal calf serum, 1 mM 
sodium pyruvate, non-essential amino acids and gro&unicin at 5 jig/ml. Cells are usually 
plated at an initial conentration of 1. lOVml. Apostolus induction is achieved by 40 jiM 7fl 
hydroxycholcsterol- or 5 |ig/ml aoinomycinD'trttitriient of U937 cdls at 37°C during 8 to 
24 hours. Cells have to be seeded at 3 to 4,10* ceils per ml 6 h before treatment Cell 
supernatant is obtained by centrifiigation of treated cxlis at 500 g during 7 mm and CaCla h 
added to a final concentration of 10 mM before fcridslioja of 200 pl/weU of superraumt. For 
each experiment, a control without 7B hydroxydxlttitexol or acunomyciiiD has to be 
performed and culture medium containing 10% fetal calf serum should also be tested It has 
to be emphasized that the content of micropaiticlc* of 10% fetal calf serum was low, 
probably due to removal of most of the cell ftagjnuinfs at sterilizing ultrafiltration. 
The amount of captured microparticles is determined using the prothrombins a&say. 

Biotinylated annexin V (AV-Bi) (see example 1) ivai< diluted to 400 ng/ml in TBS V 1 mM 
CaCl 2f 3 g/lHSA- 100 yl/well were added to strep tavidk-coated microiitratiofi plaits 
(Boehringer Mannheim GmbH) and incubated at roam temperature for 30 irwu Excess of 
AV-Bi was eliminated by washing steps with TBS, 1 mM CaCh. 200 pl/well cell 
supernatant as described above and CaCk 10 mM w*;re added axid incubated for .10 mm.. 
After three washing steps with TBS, 1 mM CaCSjthr prothrombinase assay was performed . 

Prothrombins assay : (dilutions in TBS, 1 mM CaCl i, 3 g/1 HSA) 

TBS t 1 mM CaCl 2y 3 g/1 HSA: 90 jAi/well 

Factor V 0.5 nM (50 nM, diluted 1/100): 10 yi/well 

Faaor E 0,65 mg/tnJ (Fll 1 mg/ml, diluted to 0.65 irtg/rnl): 20 pl/well 

Factor Xa 83 pM (2.9 diluted 1/35000): 20 jAl/weil 

CaCl? 20 mM (1 M, diluted 1/50): 10 ^l/well 



SUBSTITUTE SHf B (RULE 261 
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2 h incubation at 37° C 

EDTA Mg 20 mM (80 mM, diluted 1/4): 50 ul/well 

Chromozym-TH 1.52 mM (3.8 mM, diluted 1/2.5): 50 pl/well 

The linear absorbance changes at 405 nra were recorded by using a rnicroplatc reader 
equipped with a kinetics software. The results of the prothrnmbtnase assay are shown in 
Figure 7. 

The prothrombinase activity is correlate d with DNA analysis by flow cytometry (Table 2) 



Table 2 



70-hydroxycholesteroI 
treatment (hours) 


Oh 


Sh 


lOh 


12 h 


20 h 


22 h 


% of hvpodiploid DNA 


2.75 


9.43 


M.58 


18.31 


35.03 


41.54 



The results show the exposure of phosphaudylserine associated with apoptasi*, and provide 
evidence that the degree of cell death can he eas3y estimated by prothrombinase assay after 
capture of resulting vesicles. 

In another experiment the origin of the apoptoUc ceils was detected. For this, cryoly&eid 
U937 cells were used to generate lysis fhigxa&rcs as described above. These apoptoti^r cell 
fragments bear CDlla as a target antigen, The cells were captured by AV*bi on a SA -plate 
as described above and detected by POD-labded antibodies toCDUa which are 
cominercially available. The results are shown m Fig. 8, It was possible to detect thesA cells 
by this antibody and thereby the origins of ihc celts could by detected. 

Capture of mtcropfcrtitjes derived from fopoptotie U937 cell* using specific biotftfi- 
labeUed antibodies 

Biotinylated antibodiy (anti CD4 or ami COlIa, Leinco Teclinology, diluted to 1 ji^ml in 
TBS, 1 mM CaCh, 3 g/l HSA) are added to strep tavi din-coated microtitnuion platen 
(100 ^iJAvell) an d incubated 30 min at rocjM temperature. Excess of biotinylated antibody 
was eUminaied by washing steps with TBS (3 x 250 |U), Cell supernatant of U937 cells after 
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induction of apoptosis as described above was added (200 ul/well) and incubated 2 b at 
room temperature- The plates were washed will i TBS (3 x 250 

Prothrombinase assay; (dilations in TBS, 1 mM CikUi , 3 g/i HSA) 

TBS, 1 mM CaCl 2 , 3 g/1 HSA: 90 uJ/weli 

Factor V 0.5 nM (50 nM, diluted 1/100): 10 ul/weii 

Factor n 0,65 rag/ml (FU 1 mg/ml, diluted to 0,65 a jig/jnl): 20 uJ/well 

Factor Xa 83 pM (2.9 |iM diluted 1/35000); 20 pl/well 

CaCl 5 20 mM (I H diluted 1/50); 10 u.l/well 

2 h incubation at 37° C 

EDTA-Mg 2 ' 20 mM (80 mM, diluted 1/4): 50 uVwell 

Chromozym-TH 1.52 mM (3.8 mM, diluted 1/2.5) 50 jil/wcll 

The linear absorbance changes were recorded at 4 06 nm using a microplatc reader equipped 
with a kinetics software, 

The apoptotic cell derived microparticles arc captured by the biotin-Iabelled aniiCD4 or 
antiCDl la immobilized onto streptavidin-coated riicrc^trdtion plate. The amount of 
captured microparticles can be determined using the: prodirombinase assay. The results "are 
shown in .figure 9. 

These results arc in agreement with a higher amcuM ofCDl la antigen than CDA in US>3'7 
cells. 

Example 6 

Procoagulant microparticle detection in the plsuna of patients with Paroxysmal 
Nocturnal Hemoglobinuria 

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired stem-cell disorder in which the. 
glyoclipid-anchored membrane proteins, including die cell- surface compicmenr iohibiiors^ 
CD55 and CD59, are partially or completely delated from the plasma membrane of mature 
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blood cells (45). This leads to hyperhemoiysk rebuking from hypersensitivity of red bhsod 
cells to activated complement. From a clinical point oif view, PNH fa chara^ariscd by 
hemolytic anemia and hypercoagulable slate thi! frequently leads to thrombosis 'lint 
hypercoagulability has been attributed to the. hemolysis itself or to platelet delects or 
hyperactivation. 

The plasma samples from several patienis wticfc investigated in order to show the ability of 
the system to assess the thrombotic risk poitutiaJly linked to this disease. 

The activated cells and/or microparticles wt«e captured with AV-Bi on a SA^-coated 
microtitcr plate as described above. The results are shown in Figure 10. 

All the prothrombinasc activities arising from p&ttent samples were higher than those from 
the healthy controls, except for one patient. Thh can be explained by the fact that this 
particular patient was recently transfused zmd did not present, at the time of analysis, 
deficient red blood cells or platelets with re.jpect to CD55, CD58 and CD59. Other patients 
have a significant proportion of red blood cells and platelets in which CD55, CD58, and 
CD59 are not detectable. The association of PNH end aplastic anemia, raise* the a^ yci 
unresolved issue whether these two disorders ars different presentation of the same disease. 
In any case, an important proportion of the [salients with aplastic anemia secondarily 
develop a PNH clone. 
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Controls 

All the above observations were controlled with tMp&& to the specifiriiy of the capture of 
activated cells or derived ftagment by annexin V'\ Whoa retained by ann«in-V h, 1 
liposomes or cither of activated cells or shed fragments could be reload by an excess of 
EDTA, Le. no prothrombinase activity could be detetf&d after such a treatment* An 
amazing observation is that of the possible recycling of the system: once a measurement has 
been performed, a simple washing with Tris buffer containing EDTA instead of calcium is 
sufficient to restore its capture capacity. 

No prothrombinase activity could be measured v. her- either of factor Xa or prothrombin 
were omitted in the prothrombinase assay and only truces of it were observed in the absence 
of factor V. Annexin-V 3 ' is stable for weeks when scored below 0°Q 

Example 7 

Detection or phospholipid-binding antibodies (APL) &ud anncxin n binding 
antibodies (AAH) 

Phosphatidylserine is thought to be a determine, of reticuloendothelial recognition leading 
to elimination of circulating membrane debris (Allen T., \Villimason . & Schlegel R A, 
Phosphatidylserine as a determinant of ieticuk>wdothdial recognition of liposome models 
of the erythrocyte surface. Proc. Natl Acad. Sti. USA, 1988, 85, 8067-8G71). However, it. 
is conceivable that in case of continuous cell meaibrjine damage the reticuloendofeheUal 
system could be overwhelmed and that excels of anionic phospholipid could progressively 
trigger coagulation reactions. Under such circutrttf&nces die release of sequestered 
phospholipids could be at the origin of the aitti-pliospholipid syndrome ittsoraued with 
thrombosis (McNeil H.P., Chesterman C.N. & Krili* SA. Immunology and clinical 
importance of antiphospholipid antibodies, Adv. Immunol,, 1991, 49 f 193-280), The 
presence of APL is associated wiih an increase*; rislr of thrombosis, thrombocytopenia and 
fetal loss, making iheir detection of prime importance. 
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Phospholipid vesicle preparation fort:$e in detection of phosphoHpid-biadin^ 
antibodies 

Card/PC/Chol/PE-Bl 2.7/10.5/4/1 (mol) 1 rtiM 

Cardiolipin (Card) from bovine heart, 5 mg/ml, eshauol solution 
MW: 1500 g/mol 

L-a-Phosphatidylcholine (PC) from bovlrcc biain,. 10 mg/ml, chloroform solution 
MW: 778 g/mol 

Cholesterol (Choi) from porcine liver, 40 mg/ml, chloroform solution 
MW: 386 g/mol 

N^6-(bioimoyI)ammo)hex^oyl)dipalmitoy'!- L«tt -phosphatidy lethanoiamine 
(PE-B1), 5 rng/ml, chlorofonn solution 
MW: 1132 g/mol 

Buffer A (without detergent): 

(Tris Hcl 9.52 g, Tris base 1.77 g, NaCl 13.2 g, NaNj 10% 3 ml, complete m 1.5 1 with 
H 2 0) 

Tris 50 mM 
NaCl 150 mM 
NaNs 0.02% (w/v) 
P H7.S 

( ' 
Buffer B (with detergent): 

n-cctyl D-D-glucopyranoside 2% (w/v): 0, } j; in 5 mi of buffer A 
(BM Ref: 737062) 
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Procedure 

33.3 \l\ of Card were mixed with 33.3 j^l of PC, 1 .6 fi! of Choi and 9,2 fil of FE-B1 on ice, 
evaporated under nitrogen flow at room temperature, ^suspended in 500 p^l of hulTer B, 
dialysed against 3 x 500 ml of buffer A at 4°C during IS to 24 h and stored at 4*C (no more 
than one month). 

Detection of phospholipid-binding antibodies 

Card/PE-BI vesicles 1 mM were diluted to 1/1 50 in TBS, 1 mM CaCl 7% 3 g/1 HSA, 
100 pl/well were added to streptavidin-coated pycfotytraiion plates, incubated for 30 min at 
4°C I washed with TBS, 1 mM CaCI? (4 x 200 yVvvdlX neutralized by 30 nun incuUtion at 
4°C wiih 10% bovine serum (v/v) n TBS, 1 mM C;iCt a ( J 00 |il/wdl). 

The wells were washed with TBS, 1 mM CaCh (3 x :i00 fil/weil), serum sample diluted to 
1/100 (or more in case of strong positive) in TBS, 1 mM CaQ 2 , bovine serum 1 0% (v/v) 
was added (50 jil/well), incubated for 2 h at 4 4 C nud washed with TBS T 1 mM CaCtj (3 K 
200 jil/well), GAHu/IgG(H+L)HRPO diluted to 1/1000 in TBS, 1 mM CaCl 3 , bovine seam 
10% (v/v) (50 pl/well) was added, incubated for I h ;,U 4 8 C and washed with TBS, 1 mM 
CaCli (3 x 200 pl/well). OPD at 0.4 mg/ml w^ ad Jed (50 nl/well)> incubated for 4.5 min at 
room temperature and H 7 SQ 4 6 N added (50 |d/wt;U), The absorbance waa read at 492 rum. 

Phospholipid vesicle preparation for use in iht detection of annciin-II-bmding 
antibodies 

PS/PC/PE-Bi 25/74/1 (mol) 3 mM 

L-a-Phosphatidyl-I^serine (PS) from bovine brain, 10 nig/ml, chloroform solution 
MW: 7&0 g/mol 

L-a-Phosphaiidylcholine (PC) from bovine brain, 10 mc/ml, chlorofoiTn solution 
MW; 778 g/mol 



SUBSTITUTE SHLTF (flUI ?C) 



PAGE 19/42 * RCVD AT 2/10/2004 1 :47:12 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/24 * DNIS:2731266 ' CSID:650 327 3231 * DURATION (mm-ss): 10-58 



FEB-10-04 TUE 12:01 PM BOZ1CEVIC FAX NO. 650 327 3231 P. 

WO 96/03655 PCT/RFKi/lttW 

•- js - 



N^6^biinoyl)amino)hexanoyl)dipalmiu>yl-' . - a. - plia sp hatj dyl ethanoiamine 
(PE-B1) 5 mg/ml, chloroform solution 
MW: 1 132 g/mol 

Buffer A (without detergent): 

(Tris HCl 9.52 g, Tris base 1.77 g, NaCl 13.2 P , NaN, 10% 3 ml, complete to 1.5 1 with 

H,0) 

Tris rnM 

NaCl 150 mM 

NaN, 0,02% (w/v) 

pH7.5 

Buffer B (with detergent): 

n-ocryl B-D-glucopyranoside 2% (w/v): 0. 1 g in 5 ml of buffer A 
(BM, Re£ 737062) 

Procedure 

1 00 ul of PS were mixed with 300 ul of PC «»ul 12 ul ofPE-Bi on melting ice, evirated 
under nitrogen flow at room temperature, r:& upended in 1700 p.1 of buffer B and diiiyscd 
against 3 x 500 ml of buffer A at 4°C during IE to 24 h. 

Detection of anneim-II-binding antilicKlifi 

PS/PC/PE-Bi vesicles 25/74/1 (mol) 3 mM vera diluted to 1/400 in TBS, 1 mM CaC b, 
3 g/1 HSA 100 ul/well were added to streflavidin-coated microtitration plates, incubated 
for 30 min at 4°C and washed with TBS, 1 mM CaCl 2 (3 x 200 ul/well). Anncxin H diluted 
to 10 Mg/ml in TBS, 1 mM CaCli, 10% bovins scrum (v/v) was added (100 ul/well), 
incubated for 30 min at 4"C and washed vdih TBS, 1 mM CaCl 2 (3 x 200 ul/wcll). Serum 
sample diluted to 1/100 (or more in cast ^.f strong positive) in TBS, 1 mM CaCl* 
50 ul/well), bovine serum 10% (v/v)as adj.;d, incubated for 2 h at 4°C and washed with 
TBS, 1 mM CaCfe (3 x 200 ul/well). GAKiiA'i,»G(IlHL)/HRPO Goat Anu-Human/JgG 
(H+LVHorseradish Peroxidase, 0.7 mg/m! diluted to 1/1000 in TBS, 1 rnM CaCi 7 . (50 
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Hl/wdl), bovine scrum 10% (v/v) was added incubated for 1 h at 4°C and washed with 
TBS, 1 mM CaClj (3 x 200 ^1/well). OPD: o-rheayltiiiiidiaraine dihydrachloride (Sigma, 
Ref: P 9187) at 0.4 mg/ml (50 jil/weU) was added and incubated 5 min at room 
temperature. H2S04, 6 N (50 pl/wcll) was added ftad ihe absorbance read at 492 i\m. 

Comparison of the APL and AAII assays according to the invention with methods of 
the art 

Most of the solid phase immunoassay detecting APL m»c cardiolipin coated onto poly- 
styrene as antigen- These lipids coated on plates adopt a monolayer film organisation. In the 
assays according to the invention hexagonal phase or Mayer phospholipids of various com- 
position are used. These are tightly and reprriducibjy bound to the solid support via for ex- 
ample biotin/strcptavidin interaction (see Fig. 11). This certainly presents an advantage fa? 
the investigation of the naiure and diversity of APL and possible clinical associations. The 
major reason for using bilayer or hexagonal phase phospholipids in solid assays is that these 
models of organization are much closer to membrane and shed fragment structures, 

10 samples found to be positive in methods according to the state of the an (flow cy- 
tometric- and Cardiolisa-assay from Biomedical Diagnostic^ Prance) were tested on the 
APL and AAII assays. The results are presented in table 3. 

All positive 10 samples were positive in the APL «*say. The patient samples LA and BE 
were positive m the AAII detection assay. In the A Ail asr*ay antibodies against a complex of 
amexin II and phospholipids will be detected. 
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Table3 













APL 




Our AFL 


Our AAII 
















detection 


dctc^aioti 






Flow 






ELISA' 




essay 








cytometry 














Scrum 


TBS-alb 


TBS-aib+ 


TBS- 




TBS-alb* 


TBS- 










apoH 


scrum 




apo H 


scrum 






pool 1 


neg 


ncg 


neg 




ncg 


tteg 


0,200 


0 250 


pool 2 


ncg 


ncg 


ncg 




ncg 




0,154 


0,20 Ji 


CY 


neg 


± 


neg 




ncg 




0,235 


0,233 


OK 


ncg 


ncg 


neg 




ncg 


x2 






PR 


ncg 


+ 


Mg 


IWg 


x3 


x3 


0,351 




KA 


++ 




++ 




*30 




0,364 




CI 


+ 


.+ 


+ 




x3 


xi 


0,367 


0,231 


BA 


± 


± 


± 




fccg 




0,577 


0 r 2$C 


FU 


+ 


+4- 


+ 




xlO 


xlO 


0,602 




LA 


++ 


++ 


++ 




x7 




0,707 


0 f 8M 


BE 


++ 


+4 


++ 


x2 


x8 


x6 


0,786 


0,465 


CH 


+ 


+4- 


+ 


*2 


x2 


x2 


K081 


0.22f> 



* Each ELISA result is expressed as a mulripb of the OD of the control pool. ELISA tests 
are performed using monolayer phospholipid as the capture antigen. Our APL detection 
assay uses bilayer phospholipids, and B^glycoprotdn-l brought about by 10°/. bovine 
serum used for sample dilutions. 
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CLAIMS 

1. A method for determining circulating micropaniclcs and/or stimulated procoagulani 
cells comprising: 

(a) mixing a sample containing said circulating microparacics and/or stimulated 
procoagulant cells with a specific receptor for a compound exposed on said 
microparticles and procoagulant calls which receptor is bound directly or 
indirectly to a solid phase under eoixlUioiii to form a compile of the solid phase 
bound receptor and the micropanicb and/or procoagulant cell, 

(fa) separating the sohd phase from the liquid pfaue, 

(c) detennining the amount of micropirtk.'ss and/or procoagulant cells on the solid 
phase or after separation of the solid phase hy appropriate methods. 

2. The method of claim 1, wherein the specific receptor in step (a) is annexin V. 

3 . The method of claim 2, wherein in step (a) cakfum ions arc added. 

4. The method of claims 1 to 3, wherein the specific receptor is bound to the solid phase 
via a specific binding pair comprising a first and a second binding pafr member (bpm), 
ihe first bpm is attached to the solid phase and the second bpm is coupled to the 
specific receptor. 

5. The method of claim 1. wherein in step (c) the srac-unt of microparticles and/or 
procoagulant cells is determined by detecting the activation of prothrombin (factor II) 
to thrombin (factor Ila), 



6. 



The method of claim 5, wherein in step (a) hUbiimr, of thrombin and/or Fac tor Xa 
arc present. 
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7. The meihod of claims 5 and 6, wherein the activation of prothrombin to thrombin is 
detected by mixing the rnicropartides ind/or pro coagulant cells with a s eagent 
comprising factor V, factor Xa, prothrombin (factor II) and caicium-bm for an 
appropriate time interval, stopping the i&iciion by complexation of the ic^dum-ions, 
and determining thrombin by its ability to hydrolysc a chiomogfjiic subKumte, 

8 . A method for determining circulating n ucroparticlu and/or stimulated procoagnlftnt 
cclb comprising: 

(a) mixing a sample containing said circulating microparticles and/or stimulated 
procoagulani cells with a specific receptor for a compound e*pOiJ#d an said 
circulating microparticles and/or stimulated procoagulani cells under conditions 
to form a complex of the circulating rcueropanicles and/or stimulated 
procoagulant cells and the receptor, 

(b) determining the amount of mici&paniclcs and/or stimulated procoagulant (cells. 

9. The method of claim 8, wherein the receptor is at least bivalent and the deteimination 
in step (b) is done by nephelometric or Uirbidimetric measurement, 

1 0. The method of claims 8 and 9, wherein the specific receptor is a receptor-coat£4 
panicle. 

11. The method of claim 10, wherein the specific receptor is an aimexin-V<-coated 
particle. 

12. The method of claim 10, wherein the receptor-coated particle is aa avkUn or swept- 
avidin-coated paruclc to which a bio'inylated receptor is bound. 
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13. A method for determining a special category at subgroup of circulating micropardcles 
and/or stimulated procoagulant cells compusing; 

(a) mixing a sample containing said ci reacting micropartides and/or stimulated 
procoagulant cells with a specific receptor 1 for a compound exposed on said 
microparticles and stimulated proeoag'iLint cells which receptor is bound 
directly or indirectly to a solid phase under conditions to form a complex of 
solid phase bound receptor 1 and microp.-trtide or stimulated procoagulant ceil, 

(b) optionally separating the solid phase from jhe liquid phase, 

(c) binding of a receptor 2 to the mici op^uc lei ^d/or procoagulam cells which 
receptor 2 is specific for a marker of l.I;e special category or subgroup of 
microparticles and stimulated procoa^'la/i! cells, 

(d) deterniining the complex of receptcr J , w scrap articles or stimulated pro- 
coagulant cells and receptor 2 by jsppiopuate methods. 

14. The method of claim 13, wherein steps (a) »i;d (c) are conducted simultaneously. 

15. The method of claims 13 and 14, wherein ita receptor 2 is an antibody to a marker of 
thrombocytes such as GPIb, GPDC, GPHMUla,' ihrombospondm or a marker for 
endothelial cells such as thrombomodulin or A marker for monocytes such as CDR 

16. A method for determining a special category or subgr oup of circulating mictoparticlcfc 
and/or stimulated procoagulant cells comprising: 

(a) mixing a sample containing said ch culawg microparticles and/or stimulated 
procoagulant cells with a receptor for ifa subgroup-specific compound exposed 
on said circulating microparticles and/or slimulated procoagulant cells, 

(b) determining the binding of circulating microparticles and/or stimulated 
procoagulant cells to said receptor by appropriate methods. 
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17. The method of claim 16, wherein this i eceptor far the subgroup-specmc compound is 
bound directly or indirectly to a solid phftte. 

1 8. The method of claim 17, wherein the solid phase is a particle such as a latex panicle 
and the determination of the binding of the circulating microparticles and/or 
stimulated pro coagulant cells to said r scepter is accomplished by measurement of the 
agglutination of the particles, 

19. The method of claim 17, wherein after 3i*:p (a) the solid pltase is separated from the 
liquid phase. 

20. The method of claim 19, wherein in sacp (fa) the binding is determined by detecting the; 
activation of prothrombin (factor II) to thrombin (factor Ha). 

21 . A method for determining phospholipid -binding antibodies in a sample comprising: 

(a) mixing the blood sample with miernpariicles and/or procoagul&nt cells oi 
synthetic phosphoHpid-contaming liposomes under conditions to allow iW: 
binding of phospholipid-binding antibodies present in said blood sample to said 
micropanictes or stimulated procoagulant cells oi synthetic phospholipid 
containing liposomes, 

(b) determining the binding of phc-spholipid-binding antibodies by appropriate 
methods. 

22. The method of claim 21, wherein in s'ep (b) the antibodies are determined by 
measurement of the precipitation of the circulating micropanieles and/or stimulated 
procoagulant cells or synthetic phospholipicl-cocuiring liposomes. 

23. The method of claim 21, wherein the peculating microparticles and/or sumulatf d 
procoagulant cells or synthetic phusnbolipid-caniaining liposomes arc bound to n 
solid phase. 
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24. The-, method of claim 23, wherein biotinykted ciicubling raicropartides and/or 
stimulated procoagulant cells or synthetic; pho$phoupidH»iu*infog liposomes arc 
bound to a streptavidin- or avidin-coated sc.; id phase. 



25. 



26. 



The method of claim 24, wherein the circulating microparudes and/or stimulated 
procoagulant cells and synthetic phospholipid -i nntabiiig liposomes arc biotinylated 
by adding biotinylated phospnatidylcthanolamiiie or biotinylated phosphatidylcholine. 

The method of claim 24, wherein the symheii,; phosphoUpid^oiitaiiimg liposomes ar C 
biotinylated byproducts said liposomes in the presence of biotinylated phosphaudy!- 
e thann l nm i n c and/or biotinylated phosphatidyl-choline, 

27. The method of claim 23 wherein the circulating roicnjpanicles and/or stimulated 
procoagulant cells or synthetic phosphohpid-eoauuiiing liposomes are bound la an 
annexin-V-coated solid phase. 

28. The method of claims 21 to 27, wherein said circulating micropartides and/or 
stimulated procoagulant cells or synthetic phiipholipid-containing liposomes further 
comprising proteins for example B2-glycoprot,:m 1 , prothrombin, protein S or protein 
C ■ 

29. A method for the diagnosis of vascular di^es such as peripheral arf herial occlusion 
anheriosclerosis, diabetic angiopathy, vasculitis, pre-edampsia, lupus erythematosus " 
or angina pectoris by determining the circulating rdcroparricles and/or stimulated 
procoagulant cells. 



30. 



A method for determining the premrombotic of an individual or for monitoring 
the state of an individual after PTCA by detct^g circulating micropartides and'or 
stimulated procoagulant cells. 

31. A method for the diagnosis of diseases associated with cell damage or cell death such 
as AIDS, cancer or paroxysmal nocturnal hemoglobinuria by determining the 
circulating apoptotic bodies. 
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32. A reagent for determining circulating miucparacles and/or sumukied procoaguUni 
cdls comprising: 



a specific receptor for a compound exposed on said micropanides and procoaguhnt 
cdls 

and fiinhcr compounds necessary for liutcmiining the amount of binding of the 
specific receptor to said micropartid™'; and procoagulant cells. 

33. A reagent for determining a special category or subgroup of circulating micropanides 
and/or procoagulant ceils comprising: 

a receptor which is specific for a marks: of the special category or subgroup of 
. microparticles and stimulated procoagatarx cells, 

and further compounds necessary far dfcimtrining the amount of binding of both 
receptors to said microparticles and psocoagulswit cells, 

34. A reagent according to claim 32 farther comprising a receptor which is specific for a 
compound exposed on said micropenises and stimulated procoagulant ceils. 

35. A reagent for determining phospholipid -binding antibodies comprising; 

microparticles and/or procoagulant cells or synthetic phospholtpid-co'uuiiiing 
liposomes 

and further compounds necessary for (kkmiining the binding of phospholipids ding 
antibodies on said microparticles, procoagulant cells or synthetic phospholipid- 
containing liposomes. 
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